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SEKACHEV, Yu,, student; MILEVSKIY, V., student; VMIRNOV, A., student; 
KORNFYEVA, S., studentka; VYGODSKIY, B., student; MOSHKOV, V., student 


What kind of program for the-course in "Industrial Design?" 
Opinion of teachers and students, Tekh.est, no.5:20-21 My '65, 


-" =(MIRA 1826) 


1. Kafedra nachertatel'noy geometrii i kafedra grafiki Lesotekhni- 
cheskoy akademii imeniKirova (for’Porsin), 2. Moskovskoye 
vyssheye tekhnicheskoye uchilishche imeni Baumana (for Kamyshnyy, 
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institut (for Levin, Smirnov), 
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ORG: Institute of Crystallogra Acade of Sciences SSSR (Institut kristallo- 7 
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TITLE; Absorption edge in the semiconducting ferroelectrics SbSBr, BiSBr, and SdSI 


SOURCE; Zhurnal eksperimental'noy i teoreticheskoy fiziki. Pis'ma v redakzsiyu. 
| Prilozheniye, v. 4, no. 6, 1966, 201-205 


TOPIC TAGS: ferroelectric material, semiconducting material, second order phase 
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transition, phase transition, absorption edge, light absorption 


ABSTRACT: To ascertain the behavior of the intrinsic absorption edge yh a series of 
ferroelectrics of groups V, VI, and VII, which undergo low-temperature! phase transi- | 
tions, the authors investigated “optical absorption in SbSBr, BiSBr, and SbSI in H 
polarized light in the interval from +40 to -190C. The SbSBr, BiSBr, and SbSi single 
crystals were grown from the gas phase. The SbSBr and BiSBr crystals were in the 
form of thin needles (transverse dimension not larger than 0.1 mm, length 10 - 15 mm) ¢ 

| The £bSI single crystals were larger (10 x 1x 1mm). ALL the investigated single | 
crystals were rhombo-dipyramidal. The direction of the spontaneous polarization co- : 

| incided with the twofold axis parallel to the needle axis, The measurements were made 

| in @ vacuum cryostat cooled with liquid nitrogen, with a temperature maintained ac- 

curate to 0.2C. The transmission spectra were investigated with a monochromator and 
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' ACC NR APGO32016 y! 
| 
a photomultiplier. The relation ai/2 ~ iv (a - absorption coefficient, hv - photon | 
energy) was satisfied for all three crystals in the entire investigated temperature | 
interval, thus pointing to the indirect character of the transitions. In addition, | 
the a!/2 vs. hy curve of SbSBr had two straight-line sections, connected apparently | 
with the absorption and emission of a phonon. The phonon energy determined fron the | 

i 


difference between the energies corresponding to the two sections turned out to be { 
0.03 ev and independent of the temperature. No change in the shape of the absorption 
edge during the phase transition was observed in any of the crystals. A jump in the 
width of the forbidden band takes place in the region of the phase transition of all 
the ferroelectrics. A striking fact is the jump in the temperature coefficient of i 
the forbidden-band width observed in the case of SbSBr in the paraelectric region at | 
a temperature -103C, apparently due to 8 second-order phase transition. The behavior 
of BiSBr and SbSI is qualitatively the same. The results not only confirm the ex- 
istence of ferroelectric phase transitions in SbSBr, BiSBr, and SbSI at -180, -170, 
and +22C respectively, but indicate unambiguously their character (first-order transi- 
tions). In addition to these transitions, singularities in the temperature depen- | 
dence of the width of the forbidden band are observed in the paraelectric region for | 
SbSBr and BiSBr and in the ferroelectric region for SbSI. These are apparently 
evidence of the existence of second-order phase transitions in these crystals. Orig. 
art. has: 1 figure. 
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FRIDKIN, I. A. 


"Designs of Cable Couplins Used in MKS Mosenergo - Their Advantages and Dis- 
advantages," "Operation of Cable Networks" (Eksploatatsiya kabeley 1 kabel'nykh setey), 
Gosenergoizdat, 1949, 384 pp. 
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BARANOV, Boris Mikhaylovich; POKLAD, Petr Grigor'yevich; SMIRNOV, Leonid 
Petrovich; FOMICHEV, Grigoriy Ivanovich; FRIDKIN, Iosif Aronovich; 


FAYERMAN, A.L., red.; BORUNOV, N,I. 


{Construction and use of cable line 


, tekhn. red. 


2] Sooruzhenie 1 ekepluatatsiia 


kabel'nykh lindi, Moskva, Gos,energ.izd-vo, 1959. 542 p. 


(Blectric cables) 


APPROVED FOR RELEASE: 06/13/2000 


(MIRA 13:3) 


CIA-RDP86-00513R000513710014-9" 


Tatil 


(tO OD ASR AAGRASE WUT FS SUN AEE RS ey EE 


"APPROVED FOR RELEASE: 06/13/2000 CIA-RDP86-00513R000513710014-9 


“, VOLCHKOY, Konstantin Kongtenttnovich; GRISHKAN, Moria Yakovlevich; 2 - 

aie _ M{khail WEES 1 Bay, i ae EeeMi Gelinas staccesat BARA 
HOV, BMey. ingh.; retequsentg- PORLAD,. F,G., inzh., reteenzent; 
SMIRNOV, L.P,, insh., retsensentg: FOMICHEY, G.1., insh,, retsenzent; 

-FRIMKIN, I.A., insh., retsensents SHCHEGLOV, A.P., inzh., red.; 


' ZHITNIKOVA, 0.S., tekhn. red. 


(Line structures of municipal electric networks] Ekspluatateiia 
setevykh soorushenii gorodekoi elektricheskoi seti. Pod red. A.P, 
Shcheglova., Moskva, Gos.energ.izd-vo, 1960. 394 p. 
(MIRA 13:5) 
1. Moskovakaya kabel'naya set’ (for Baranov, Poklad, Smirnov, 
Fomichev, Fridkin), 
ee (Blectric power distribution) 
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FRIDKIN, Iosif Aronovich; FAYERMAN, A.L., rede; SHIROKOVA, M.Mey 
<— tekhn.red. 


[Laying cable lines in the ground] Prokladka kabel'nykh linii 
vy zemle, Moskva, Gosenergoizdat, 1961. 55 Pe (Biblioteka . 
elektromontera, noe) (MIRA 1535 


(Electric cables (Earthwork) 
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ATABEKOV, V.B.; KULESHOV, Ya.T.; FRIDKIN, I.A,; YABLONSKIY, L.S.; 
ALEKSEYEV, V.P., red.; BALKOVSKAYA, I.2., red. izd-va; 
KHENOKH, F.M., tekhn. red. 


{Handbook on minicipal electric networks and substations] 
Spravochnik po gorodskim elektricheskim setiam i pod- 
stantsiiam. [By] V.B.Atabekov i dr. Moskva, Izd-vo MKKh 
RSFSR, 1963. 550 p. (MIRA 16:11) 
(Electric power distribution--Handbooks, manuals, etc.) 
(Electric substations--Handbooks, manuals, etc.) 


APPROVED FOR RELEASE: 06/13/2000 CIA-RDP86-00513R000513710014-9" 


"APPROVED FOR RELEASE: 06/13/2000 CIA-RDP86-00513R000513710014-9 
FSET SNARE REG Ean aT PS ROSE RES BAS AT RESETS USE ws _.._§ 


FRIDKIN, Iosif Aronovich; FAYERMAN, A.L., red. 

Svdincactinne eee eat 
tion of 1-35 kv. cable lines] Ekspluatatsi i 

Saar e 3-35 kv. Moskva, Izd-vo "Energiia," an Pe 
(Biblioteka elektromontera, no.111) (MIRA 17:4 
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BARANOV, Boris Mikhaylovich; POKLAD, Fetr Grigor'yevich; 
SMIRNOV, Leonid Petrovich; FOMICHEV, G.I.; FRIDAL, 


TAs FEDOSENKO, R.Ya., nauchn. red.} SHUMILOVA; Yé.M., 
red, 


{Construction and operation of municipal cable networks] 
Sooruzhenie i ekspluatatsiia gorodskikh kabel'nykh setei. 
Moskva, Vysshaia shkola, 1965. 321 p. (MRA 18:7) 
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: ing around a nucleus, represents the three body problem and can be solved only - 
, with great difficulty, Therefore, practical calculations are made by considering 


' erease the accuracy of the solution within the framework of the two body problem.' 
' A table gives a comparison of the excitation cross sections obtained for the neon 
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" AUTHOR: Velde V. (Veldre, V. Ya); Lasa, T, Gane A, V); Rabiks, L. He 
Rabi, Ts; LE "rdkins, L (Frickin, L. A.) uy. 5G 
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Mt, ft, oe 
TITLE: Total effective ae ‘sections of the excitation of atoms by electron impact 
in the classical approximation 


SOURCE: AN LatSSR, Izvestiya. Seriya fizicheskikh i tekhnicheskikh nauk, no. 4, 
1965, 3-12 

TOPIC TAGS: collision cross section, excitation cross cection, neon, argon,’ — 
krypton, xenon 

ABSTRACT: The problem of the collision of two electrons one of which is revolv:! : 


: the corresponding two body problem. The present article is an attempt to in- 


atom in different approximations end includes a comparison of experimental and | 
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| theoretical data. The exciation cross sections of neon, argon, krypton, and xe- 
non are given in atomic units. Orig. art. has: 4 formulas and 7 tables 
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ASSOCIATION: Institut fiziki AN Latv. SSR (Institute of Physics,AN LatSSR) : 
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| SUBMITTED: 26Feb65 ENCL: 00 SUB CODE: NP 
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FRIDKIN, M.M. 
NEL TESTES 


Treatment of laryngeal tuberculosis by prolonged novocain block. 
Prob.tuberk., Moskva No.1:39-40 Jan-Feb 51. (CIML 20:6) 


SEE cmt 
1. Of the Phthysiolaryngological Division of the Ukrainian Tuber= 
culosis Institute (Director--Prof.B.M.Khmel 'nitskiy). 
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FRIDKIN, M.M., kandsmed.nauk; KRASNOSHCHFKOVA, A.M. (Mher'kov). 


Treating tuberculosis of the respiratory tract by moist and dry 
inhalation of antibacterial aerosols. Vrach.delo no.10:1049-1053 0'58 
(MIRA 11:11) 
le Oblastnoy gospital' invalidov Otechestvennoy voynye 
(TUBERCULOSIS ) 
(INHALATION THRRAPY) 
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FRIDKIN, Ps Ae 


| UBBR/Electricity - Electric Drives Sep 51 


"Additional Losses of the Electric Drive With Arc- 
Shaped Stator and Methods for Decreasing Then," 
P. A. Fridkin 


"Iz Ak Nauk SSSR, Otdel Tekh Nauk" No 9, 
pp 1288-1305 


Reviews exptl data since 1932, when lst arc-shaped 
stator was designed. Analyzes nature of addnl losses 
and compares theoretical premises with exptl re- 
! sults. Discusses various measures for decreasing 
losses, emphasizing decrease of gep toward stator 
ends as most expedient method. Analyzes effect of 
compensation coils on power losses. Submitted by 
Acad V. S. Kulebakin 18 Apr 51. 
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FRIDKIN, V.M. 


Theory of high-frequency discharges. Vest.Mosk.un. 8 no.8:109-114 ag '53, 
(MRA 6:11) 


1, Kafedra elektronnykh i ionnykh protsessov. 
(Electric discharges through gases ) 
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FRA in 
USSR / Zisc : 


Abs Jour * Ref Zhur - Fizika, No 4, 1957, No 959% 
Author : Rabinovi | 
: ch, 
Ist ; Not piven A -D., Fridkin, VN, Froyman, A.I. 
e : 
> Application of Electrets in Measuring Technology (Survey) 


Ori : 
ig Pub: Izmerit. tekhnika, 1955, No L, 31-3) 


Abstract : Survey article. 
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Author 
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Title 


Orig Pub 


Abstract 
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: Ref Zhur - Fizika, No 4, 1957, No 9620 


: Froyman, A.l., Fridkin, V.M. 
: Institute of Crys ography, Academy of Sciences USSR, 


Moscow 


: Investigation of the Hetero-Charge of Electrets Made of 


Carnauba Wax. 


: Kristallografiya, 1956, 1, No 3, 342-350 


: By determining the discharge current and subsequently inte- 


grating this current with respect to time, a study wus made 
of the dependence of the value of the hetero-charge (Q) of 
an electret, made of pure carnauba wax, on the intensity (BE) 
of the polarization is effected. It is established that in 
the range of E from 2.1 to 12 kv/cm, the value of Q is ap- 
proximately the same as E at constant temperature. The pro- 
cess of formation of hetero-charge has an activation energy 
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- USSR / Electricity 


Abs Jour : Ref Zhur - Fizika, No 4, 1957, No 9620 


Abstract : of 18,500 cal/mol. Comparison of the experimental curves 
for the dependence of the discharge current on the time 
with the theoretical curves plotted under the assumpticn 
of a purely ionic mechanism of formation and destruction of 
Q, shows that in the case of good agreement between the rise 
and the position of the maximum, the decay of the experimen- 
tal curves is considerably slower than that of the theore- 
tical ones. For full interpretation of the phenomenon it is 
necessary to take into account, along with the displacement 
of the ions, also the orientation of the dipoles. A scheme 
and description for 4 measurement setup are given. 


A . 
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FRIDKIN, V.M.; DELOVA, A.I.; GERASIMOVA, T.¥,; BILYALETDINOY, Kh.S. 
Pd te tons ee : 


Some results of the study of electronic photography and electro- 
static printing. Zhur nauch.i prikl.fotei kin. 2 no 4: 286-292 
Jl-Ag '57. (MIRA 10:7) 


1. Bauchno-issledovatel'skily institut poligref icheskogo mashino~ 
atroyentya. 


(Xerography ) 
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FR | fiw, V4 fy, 
AUTHORS:  Zheludev, I.S. and Fridki it. 70-5-28/31 


TLT LE: On Two Limiting Point Symmetry Groups of Polycrystalline 
Electrets (0 dvukh predel'nykh tochechny«xh as 
simmetrii polikristallicheskikh fotoelektretov 


PERIODICAL: Kristallografiya, 1957, Vol.2, No.5, pD- 705-706 (USSR) 


ABSTRACT: A polycrystalline electret specimen of sulphur has 

earlier been shown to have the symmetry group oo.n .(Fridkin, 

Kristallografiya, Vol.1l, 557, 1956). A mixture of asphalt and 
NaCl dusts have been used for developing the charge pattern on 
the surfaces of the electrets as by friction the former becomes 
positively charged and the latter negatively. A specimen with 
the symmetry group m.O%9 :m has now peen produced. A layer 
of polycrystalline sulphur 50 thick was evaporated on to an 
Al. plate in vacuo and was ghen pglarised by a field of 5 kV/en 
“nd illuminated at 5 x 107° W/em®. It wes then overlaid with a 
netallic raster with a pattern of 0.9 mm diameter holes, 
polarised in the reverse direction and {lluminated at he same 
intensity for the same time (4 minutes). On dusting with the 
asphalt and salt powder a pattern became apparent showing a 
pattern with a non-polar texture of symmetry m.oo:m. The salt 
settled on the parts which had been exposed through the holes and 

Gardl/2 the asphalt on the remainder. This texture is non-piezo-electric 
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Electric Photography on Luminopores. 
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Bxperiments were carried oat in order to obtain Liayes on Ene surface 

of paper or metals which were coated with a luminescent layer which, at 
the same time, yas photoconductive. The following material was used, 

Cds, Znd/Cu, which has its maximan photoconductivity at A« 3ho a, and 
Cdp, Zno]) Ay, which has its maximam photoconductivity até * Ly m, The 
surface of the layer could be charged inwhe dark by means of the corona 
discharge. the image on the surface of the layer was obtained by projec- 
ting an imagem to the surface of the luminescent substance charged in 
this manner by means of a photoenlarging apparates. The time of exposu- 
re corresponded to the relaxation period of the surface charge which had 
been previously measured for the respective layer. Jeveloping was carried 
out by spraying the layer with inversely charged colored resin particles. 


The particles were charged by means of friction electricity. An additional 


peculiarity of electrophotography was the possibility of wathing the Lu- 
minescent substances in the dark nhile they rere illuminaved by “ltravio- 
Jet light (with 365 ma@ mavelength). Good results were also obtained with 


other photocondactive layers, a3 Gogo ZnO and Case 
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orily. Besides, the rule of interchangeability is satisfied in 
the case of the production of the photoeleotret. Tiurefore, the 
charge of thephoto electrete iy a function of the product &. t at 
an arbitrary duration of polarisation t and at an arbitrary in- 
tensity of illumination EZ. With tue help of the curves attached 
to the paper this rule of mutual replaceability was verified for 
a Sulphur monocrystal. This rule is conplied with at every in- 
tensity of illumination employed for the polarisation of the 
Sulphur monocrystal.The theoretical deduction and the exneriaen- 
tal verification of the rule of mutuality in photoelectrets are 
yuite independently of interust. The Saturation effect mentioned 
above occurring at the investigation of the dependence of the 
charge on the curation of polarisation and on the intensity of 
illumination may be explained by the fact, that only an insigni- 
ficant part of the free levels is filled up by electrons. This is 
verified by the experiacntal investigation of the dependence of 
the charge of the photoelectret on the intensity of the jlarising 
field.If the teaperature effect is taken into considecration,the 
rule of interchangeability no longer holds.There are 4 figures, 
11 references, 1o of which are Slavic. 

July 27, 1957, by A. V. Shubnikov, Academician 

July 27, 1957 
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AUTHORS: Zheludev, I.8. and Fridkin, V.M. 70-3-2-8/26 
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TITLE : On the Anisotropy of the Polarisation of Photoelectrets 
in Monocrystals of Suiphur (Ov anizotropii polyarizatsii 
fotoelektretov iz monokristallov sery) 


PERIODICAL: Kristallografiya, 1958, Vol 3, Nr 2, pp ae - 185 
USSR 


ABSTRACT: The charges of photoelectrets produced in single 
crystals of sulphyr by polarisation in different crystallographic 
directions have been measured. It was earlier assumed that 
these crystals were orthorhombic but they are now shown to have 
been monoclinic. The observed anisdtropy in the polarisation 
of the photoelectrets is determined by the anisotropy in the 
photo-conduction of the single crystal of sulphur. The 
measurement of the charges of photoelectrets can serve as a 
very convenient method of studying the anisotropy of the photo- 
conductivity. 

A cube, with edges about 6 mm, was cut from a single crystal 

of sulphur.and polished. Superficially, the crystal was ortho- 

rhombic and the cube faces were cut perpendicular to the 2-fold 

axis. The faces 001 and OO1 were perpendicular to the acute 

bisectrix; 100 and {oO _were perpendicular to the obtuse 

bisectrix and 010 and 010 were parallel to the optic axial 
Cardl/4 
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: . 70-3-2-8/26 
On the Anisotropy of the Polarisation of Photoelectrets in Mono- 
erystals of Sulphur 


plane. The cube was polarised for 10 m nutes,in a field of 

700 V/em and in an illumination of 107+ W/cm“. This was 
repeated in each of the 6 cube axis directions and the electret 
charges were measured by measuring the change in charge when, 
under continued illumination the electrets were de-polarised. 
The wlues found were (x 10710 Coulomb/cm“); 010, 95; 010, 60; 
100, 1.50; 100, 1.47; 001, 44; O01, 20. To eliminate the 
effects of cracks, the above measurements were repeated with 
three other specimens. To eliminate the effects of anisotropy 
in the light absorption the charges were re-measured with Nad- 
jakoff's volume method (Izv. Bulg. Akad. Nauk., Ser.Fiz, Vol 2, 
Pp 521-337, 1951). One of the specimens was placed between 
the plates of a condenser, one of the plates of which was 
fixed and connected to the needle of an electrometer and the 
other plate (the lower) was earthed and being movable could be 
lowered a known distance. As a result of the motion of the 
lower electrode with the electret the needle of the electro- 
meter was deflected and the surface charge of the photoelectret 
could be measured. The condenser was constructed so that the 
specimen could be illuminated during polarisation in a direction 


uaeser, 
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On the Anisotropy of the Polarisation of Photoelectrets in Mono- 
crystals of Sulphur 


perpendicular to that in which it was being polarised. 
Hence, for each direction of polarisation there were two 
independent directions in which the crystal could be illum- 
inated. Specimens were polarised with 1.4 kV/com for 10 min. 


with an illumination of 10 W, em - The values for the 


charge density (in Coulombs x 1072° per om”) were as follows: 
indices of illuminated face first, then direction of polari- 
sation, then charge density) 001, 010, 28; 001, 010, 18; 
010, 010, 31; 010, O10, 19; 001, 100, 40; O01, IoQ, 38; 
100, 100, 42; 100, Ioo, 39; 100, 001, 12; 100, O01, 5; 
O10, OO1, 12; O10, OOI, 5. It is apparent that the charge 
density depends only on the direction of the polarising field 
and not on the density of the incident illumination. Hence, 
the anisotropy must be due to the anisotropy of photo- 
conductivity. It is then found by Neumann's principle, that 
the crystal class must be m (monoclinic) with the plane of 
Symmetry perpendicular to the obtuse bisectrix, Acknowledg- 
ments to Academician Shubnikov. There are 2 tables and 

6 references, 5 of which are Soviet and 1 German. 
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AUTHORS: Zheludev, 1.5. and Fridkin, V.M. 70-3-3-10/36 


-. TITLE: The Piezo-electric E fect in Phote-electrets (P'yezo- 


elektricheskiy effek*t v fotcelektretakh ) 


PERIODICAL: Kristallografiya, 1958, Vol 3, Nr 3, PP 315 - 321 
(USSR). 
ABSTRACT: Piezo-electric effects in phots-electrets have been 
detected and measured. The charges and the piezoelectric 
moduli of a photc-polarised erystal of anthracene have been 
measured and the decay cof the charge and the dzz modulus 


during de-polarisation in the dark have been followed. The 
effects zan be completely explained by the changes in the 


electric polarisation as a result cf the changes in the 
geometrical dimensions of the specimen on mechanical strain. 
When the crystal becomes & photcelestret, its symmetry drops 
to become one of the sub-groups cf cM - Toe case of crystals 
of Glass 2 is examined. Here, the piezo-electric moduli 


ee) dis» don» dos) dzy4 dso. dz; and de are non-zero 


and relate the polarisation vector I, to the strain tensor 

tae Sax are the elastic moduli and r,, 318 the deformation 
tensor. 8S is the charge density on the surface of the 

Cardl/e photoelectret. For a cube polarised parallel to its X; 
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The Piezo-electric Effect in Photo-electrets (0-3 310/36 
axis and distorted along the same axis ts, #0, 
737455 %33 + Ty 78yatys , "227S23%35 5 T337Szztz5 so 
that 453°8( 855~853~8) 5) e “EE t1, # O and too #0 
then dy = 8(s8)5-8)1-5)5) and 435*5( 853-875-555) : F 
For a 10 mm cube of anthracene the values dz = 4.727 x107 
e.S.u., -2.5 x 1079 €.S.u., dz5 = ~2.2 x 1079 e.S.u. 


1 oe 
and S = 6X 107 coul. /em= » Values for the elastic 
modulus 35 from measurements of the piezo-electric 
modulus 4 3 and from the known value of Caz agree to 
about 10% . 

Acknowledgments to Academician A.V. Shubnikor, 
There are 2 figures and 11 references, 6 of which are 
Soviet, 3 English, 1 French and 1 German. 
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AUTHORS: Belyayev, L.M., Belikova, &.S., rridkin, ¥.M. and 
Zheludev, 1.5. ‘ 

TITLE: On the Question of the Electret State in Naphthalene 
(K voprosu ob elektretnom sostoyanii v naftaline) 


PERIODICAL: Kristallografiya, 1958, Vol 3, Nr 6, pp 762-763 (USSR) 


ABSTRACT: Baldus (Z. Angew.Phys., 1954, Vol 6, p 481) reported 
observing the transformation of hetcro-charging in a 
naphthalene electret into homo-charging. This result 
contradicts other work and experiments were carried out 
to clarify the situation. Liquid naphthalene was allowed 
to set in an electric field betweentw Al plates 5 mm 
apart. The field of 4kV/com was applied for 90 minutes. 
The naphthalene plate was removed from the condenser and 
tested with a dynamic electrometer. Heterocharging was 
found. Discharging by illumination was then tried. 
Integration of the discharge current gave an initial 


charge of 1078 coulomb/en-. Repeated illumination gave 
no further discharge current. Hence the heterocharging 
4g conditioned by localised electrons. Plates cut from 
single crystals of naphthalene were then tried. They 
Caral/2 were subjected to a field of 4 kV/em for 10 min with U/V 
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illumination. The charge density produced was about 10710 


coulomb/em“. A similar charge density could be produced 
by polarising in the dark. This shows that a sharp 
distinction cannot be drawn between the photoelectret and 
thermoelectret states in naphthalene and that both these 
phenomena are controlled by the same mechanisn. 

There are 5 references, 2 of which are Soviet ,2 English 
and 1 German. 
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“AUTHORS : Zheludev, I. S», Fridkin, V.. HM. 48--22-3-26/30 

TITLE: On the Photoelectret and Thermoelectret State in Sulfur 
Monocrystals (0 fotoelektretnom i termoelektretnom 
sostoyaniyakh v monokristallakh sery) 


PERIODICAL: Izvestiya Akademii Nauk SSSR,Seriya Fizicheskaya. 1958, 
Vol. 22, Nr 3; ppe 352-358 (USSR) 


ABSTRACT: The authors investigated the dependence of the charge of the 
photoelectret on the conditions of its polarization as well. 
as the duration of existence of the residual polarization ir 
the monocrystals of sulfur. They investigated the dependence 
of the depolarization velocity on the temperature and intro- 
duced the conception of a thermoelectret state, The duration 
of existence of the inner polarization was investigated in 
the monocrystalline and polycrystalline sulfur, A depolari~ 
zation ought to be carried out after a sufficiently long 
period for the determination of the amount of photopolarization 
of the polycrystalline sulfur with a short-time illumination 
during the polarization process (ref. 2). The dark polarization 
disappears completely during this period and the photo- 
polarization is preserved. Nevertheless, this method seems to 
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Monocrystals 


be unfit with the polarization of the sulfur crystals since 
the total residual polarization drops to zero in this case. 
From the comparison of the curves (figs. 4 and 2) it may be 
concluded that the law of mutual substitution in the crystal 
is not complied with with the formation of an inner 
polarization, This signifies that with one and the same E. Tt 
-value the amount of the residual polarization depends on 
the duration of illumination. The velocity of depolarization 
of the sulfur-monocrystal yas investigated at different 
temperatures. The depolarization-curves of the photoelectret 
which were determined, are analogous to the depolarization 
curves of the thermo-electrets in the case of simultaneous 
illumination and heating (e.g. ref. 5). The photoelectret 
state of the sample is also thermoelectret at the same time 
under the conditions described, since the illumination cf the 
photoelectret at low temperatures leads only to a partial 
discharge. A complete depolarization only takes place at an 
increase in t temperature up to the temperature prevailing 
at its polarization. This state of the sulfur~sample is at 
Card 2/4 the same time also thermoelectret, since a simultaneous 
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heating and illumination ig required for the complete de- 
polarization. This state can consequently be denoted as thermo- 
~photo-electret. The thermo-photo-electret state in the sulfur- 
-monocrystal is apparently caused on the one hand by the 
fastening of the ions on some local levels and on the other 
hand by the presence of a thermal barrier. This barrier 
separates the level of excitation from the zone of conductivity. 
The mechanism which was proposed for the explanation of the 
temperature-dependence of the photo-conductivity in alkaline- 
-halogen crystals (ref. 1), is apparently able to explain the 
thermo-photoelectret effect and consequently also the 
formation of the maximum of transition of the discharge- 
~current during the depolarization process of the photo- 
electrets with simultaneous illumination and heating. The 
authors thank A. VY, Shubnikov, Member, Academy of Sciences, 

and G. Nazhdakov, Member of the Bulgarian Academy of Sciences 
for the discussion of the work-results as well as Yu. N. 
Martyshev and A. I, Delovaya for their assistance in carrying 
out the measurements. There are 5 figures and 7 references, 

4 of which are Soviet, 
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20-2-18/60 


Fridkin, V. M. 


Photoelectrets and the Formation of a Latent Electro-Photo- 
graphic Image (Fotoelektrety 1 obrazovaniye skrytogo elek- 
trofotograficheskogo izobrazheniya) 


Jeoetads Awoener 4958. Vol. 118, Nr 2, pp. 273 - 276 (USSR) 


First thore is a short report on previous studies, dealing 
with the same subject. This work brings some new results, which 
were obtained at examining the photoelectret-state by the 
electrophotographic method. The method described in a previous 
work (reference 6) by the author is based upon the followings 
On an aluminum plate in vacuum ~ 50m thick layers of poly- 
-crystalline sulphur were dusted. Those layers were during 

an application of voltage and unitterrupted illumination, po- 
larized through across a semi-transparent electrode. Upon the 
surface of the photoelectret the positive image was projected. 
On that occasion tha illuminated parts of the photcelectret 
were depolarized but the points, which were not illuminated 
kept their initial polarization. The latent image, which re- 
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sults in the case of exposure can reproduce the orisinal in 
half-tone. For developping the latent image the tribo-elec-~ 
tric effect was used. For this, asphalt powder was nixed 
with fine pulverized common-salt crystals. On this occasion 
the salt particles got positive charge and the asphelt par- 
ticles negative one. The mixture of both powders was spread 
upon the surface of the photoeletret with the latent image, 
and according to the charge on the surface of the photoelec- 
tret, the latent image was developed by the salt particles 
and by the asphalt particles. The author examined the con- 
nection between the magnitude of the surface-charge of the 
photoelectrete and the optical density of the developed image. 
As electrode for polarization glass with a dusted layer of 
silver was used. The here ascertained dependence of the op- 
tical density on the field-strength of the surface of the 
photoelectret is linear, and upon this dependence the author 
based the electro-photocraphic or sensitonetric method for 
examining the photoelectretic state in mnono-crystalline and 
poly-crystalline test-pieces. Especially the duration of 
conservation of the photo-polorization in a photoelectret 

of poly-crystalline sulphur was examined in this way. The 
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author also examined the regression of the latent electro- 
‘ photographic image in the case of a photoelectret and also 
in the case of adsorption of ions at the surface of a di- 
dectric with photoconduction. The results, got here, prove 
that the latent electrophotographic image on the poly-crystal-~- 
line photoelectret is conditioned by the fastening of the 
electrons to the low local levels which form at the bounda- 
ries of the crystal grains. There are 4 figures, and 7 re- 
ferences, 6 of which are Slavic. 


ASSOCIATION: Institute for Crystallography of the AN USSR 
(Institut kristallografii Akademii nauk SSSR) 


PRESENTED: May 18, 1957, by A. V. Shubnikov, Academician 
SUBMITTED: May 14, 1957 
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807 /20-121-4-15/54 
Fridkin, Ve. Me 
The Theory of the Formation of a Latent Electrophotographic 
Image and the Law of Interchangeability (Teoriya obrazovaniya 
skry togo elektrofotograficheskogo izobrazheniya i zakon 
vzaimozamestimosti) 


oar Akademii nauk SSSR, 1958, Vol 121, Nr 4, pp 627-630 
USSR 


The kinetics of the formation of the photoelectret state in 
monocrystals and the depolarization of the photoelectrets 
under the influence of light may be investigated on the basis 
of the zone theory of the crystals. With the conceptions of 
this zone theory it is possible to develop a general theory 
of the formation of a latent electrophotographic image and 
tnis theory may also be applied to other processes, for ex- 
ample, to classical xerography and to classical electrophoto- 
graphy. Such an investigation consists essontially in the 
solution of a system of differential equations which describes 
the electron transitions according to a zone nodel. This 

zone model corresponds to the scheme of the energy levels 
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of the electrons of the investigated crystal. The author uses 
the scheme of P. 8. Tartakovskiy and G. Rekalova (Ref 4) of 
the electron levels in a monocrystal of sulphur. First, the 
kinetic equations are given which describe the filling of 
the "adhesion levels" (uroven! prilipaniya) by electrons. 
One has to find the dependence of the concentration WN of 
the electrons on these “adhesion levels" on time. The orient-: 
ing influence of the polarizing field is not taken into ac- 
count. The quasisteady solution of the above-mentioned system 
satisfactorily describes the formation of the photoelectret 
state in a monocrystal and it may be used as a basis of the 
theory of the formation of the latent electrophotographic 
image. This paper proves the following law: The validity of 
the interchangeability law is a necessary and sufficient 
condition for the correctness of the quasisteady solution. 
If applied to an electrophotographic process, this inter~ 
changeability law is of immediate physical significance and 
for the formation of a photoelectret state in monocrystals 
it can be formulated as follows: The value of the pelarisation 
Card 2/4 or the value of the surface density of the photoelectret 
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charges (which is proportional to the density N of the elec- 
trons on the adhesion levels) depends only on the product Et 
of the intensity E of the polarizing light and of the polari- 
zation time t. The existence of a low quasisteady concentra- 
tion of conduction electrons is a sufficient condition fr the 
validity of the law of interchangeability. Any quasisteady 
solution of the initially mentioned system of equations satis- 
fies the interchangeability law and, inversely, any solution 
of this system which satisfies thc interchangeability law is 
a quasiateady solution. The interchangeability law hes to 

be considered as a dependence of the optical density of the 
developed electrophotographic image only on the product Et. 
The author thanks A. V. Shubnikov, Academician, and I. S. 
Zheludev for the supervision of these investigations and 
Professor E. I. Adirovich for some useful remarks. There 

are 1 figure and 5 references, 5 of which are Soviet, 
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AUTHOR: Fridkin, V.M. 
pie 


TITLE: High-sensitive electrophotographic layers and electrophotographic 
printer 


PERIODICAL: Referativnyy zhurnal, Mashinostroyeniye, no. 22, 1961, 22, abstract 
227h202 (V sb, "Elektrofotogr. 1 magnitofotografiya", Vil'nyus, 
1959, 33 - 43, Lithuanian summary) 


TEXT: The author determines the value of the integrated sensitivity of 
electrophotographic layers for processes based on the polarization and depolart- 
gation of crystals - photoelectrets in the form of magnitudes which are recipre- 
eal to the relaxation period measured at an illuminatten of 1,000 lux, The 
author analyzes the criteria of sensitivity of the process of the so-called clas.. 
sic electrophotography, based on the surface charge of the dielectric layer pos- 
sessing a photoconductivity, a corona discharge in the air, The author presents 
the results of experimental investigations of electrophotographic layers from 
ZnO and an electrosensitometer diagram, The electrification of the layers was 
carried out by a pointed tool at a distance of 10 mm from the surface and a 
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voltage of 6 kv, The image was developed with a colloidal solution of printer's 

ink in benzene, the positive particles of which were deposited on the iatent 

image in the form of a definite distribution of negative charges, The investiga- 

tion results have been taksn into consideration in the electrophotographic scpy- 

ing apparatus develcped ry NIIPoligrafmash for copying facsimile and half-tcne fe 
originals (diapositives, tracings, texts, ets.) on electrephotcgraphic paper. 

There are 9 figures and 13 references, 


G, Flidiider 


[Abstracter's nete; Complete translation] 
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Anfilov, I.V., and Pridkin, VM. 


av 

The Theory of the Deve opment of the Latent Electro- 
photographic Image (K teorii proyavleniya skrytogo 
elektrofotograficheskogo izobrazheniya) 


Zhurnal nauchnoy i prikladnoy fotografii i kine- 
matografii, 1959, Vol 4; Nr 1, pp 32-34 (USSR) 


The authors devide former theories of the develop- 
ment of the latent electrophotographic image into 
two groups: 1) the "dry-development method", 

2) the “wet method." The authors hold that the 
phenomenon behind the develoment of the latent 
electrophotographic image is a recombination of 
electric charges and present mathematical formulae 
to support their opinion. They conclude that the 
full development of all part: of the latent image, 
which carry a different charge with respect to den- 
sity, occurs simultaneously (the simultaneous deve- 
lopment of all half-tones of the latent electrophoto- 
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The Theory of the Development of the Latent Electrophotographic 
Image 


graphic image). The authors admit that the results 
of experimental investigations are not contrary to 
the possibility of a formation of double electrical 
layers. There are 5 references, 2 of which are 
American and 3 Soviet. 


ASSOCIATION: Nauchno-issledovatel'skiy institut poligraficheskogo 
nashinostroyeniya (The Scientific Research Institute 
of Polygraphic Machine Building) 


SUBMITTED: March 28, 1958 
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SOV/77-4-2--2/18 
Fridkin, V.M. 


“the formation of a Latent Electro-Photographic Image 
Depending on the Depolarization of the Photo-Electret 
(Obrazovaniye skrytogo elektrofotograficheskogo izo- 
polar ae oa obuslovlennoye depolyarizatsiyey fotoelek- 
treta 


Zhurnal nauchnoy i prikladnoy fotografii i kinenatografil, 
1959, Vol 4, Nr 25 pp 90-93 (USSR) 


In his introduction, the author says that the formation 
of a latent electro-photographic image on a photo-elec- 
tret can be caused both by polarization of the corres- 
ponding dielectric and by depolarization of the photo- 
electret when illuminated / Ref. 1/. The case of po- 
larization corresponding to the electro-photographic 
negative-positive system was examined in detail. in 
other works (Refs. 2,37. The mechanics of the process 
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of depolarization of the photo-electret when illuminated 
has also been examined £ Refs. 4,5 /. Tartakovskiy 
carried out a detailed investigation of the latter pro- 
cess in respect of sulphur monocrystals and alkali-halide 
crystals dyed with additives (Refs. 6,77. On the basis 
of these investigations, it was propounded that the 
process of depolarization was caused by the transfer of 
electrons under the effect of light into conductivity 
zone from the basic zone and from the local or adhesion 
levels, and by the movement of the conduction electrons 
under the effect of the inner field of the photo~-elec- 
tret until total destruction of the polarization takes 
place (Ref. 6_/. The mechanics of this depolarization 
can be used as a basis for calculations using the kine- 
tics of electronic migrations in the zone model of a 
crystal, In works (Refs. 2,3 7 examining the formation 
of the photo-electret condition in a sulphur monocrystal 
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the author and his colleagues proceeded from the system 
of equations (1,2,3,4,5) describing the kinetics of the 
electronic migrations, to the system of the electron 
energy levels in a sulphur monocrystal proposed by 
Tartakovskiy and Rekalova Ref. 6/7. ‘The author then 
examines the two processes which lie at the basis of 
photo-electret depolarization when illuminated; the 
freeing of electrons from the adhesion levels and their 
simultaneous recombination with the basic zone perfora- 
tions, and secondly the creation of inversely directed 
polarization caused by the inner field of the photo- 
electret and the conduction electrons, whose density 
may be considered to be quasi-stationary. The mechanics 
of the depolarization of the photo-electret caused by 
the first process is analagous to the case when a cer- 
tain law of afterglow of the crystal phosphurus takes 
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place / Ref, 8/. This process may be described by 
equations 2, 6 and 7. Examination of the second process 
has shown that the relationship between the charge of 
the photo-electret and the time taken in depolarization 
is not subject to the simple exponential law and in the 
first approximation can be presented as the sum of two 
exponents with relaxation periods Gfx andat . Ex- 
periments were carried out on depolarization of sulphur 
monocrystals in which a photo-electret condition was 
first produced. The msults of measurements of the de- 
polarization current, observed during the illumination 
of the polarized crystals by light of varying intensity 
is given in Figure 1; in Figure 2 they are given as the 
relationship between In% and /nEt where 1-83. represen- 
ting the amplitude of the discharge current, observed 
at a given moment of time t and E is the intensity of 
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the light used during depolarization. The results in 
Figure 2 show that during changes in the intensity of 
light over almost the entire range given, the law of 
interchangeability applies. However, the results also 
show that the depolarization current i=dp/dt was not 
subject to exponential dependence the entire time 
measurements were made, thus: dp — _ See 

dt 
where T =, which follows immediately from equation 6. 
The author says that as the law of interchangeability 
is observed in the depolarization of photo-electrets 
(the measurements being made on sulphur monocrystals), 
it is possible to conclude that this law characterizes 
the electrophotographic process as a whole, regardless 
of whether it is caused by the polarization of the 
sulphur crystals or their depolarization during illu- 
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mination, Finally, the author conveys his deep grati- 
tude to A.V. Shubnikov and I.S5. Zheludev for their 
attention to this work. There are 2 graphs and 8 
Soviet references. 


ASSOCIATION: Institut kristallografii Akademii nauk SSSR (Instituteof 
Crystallography of the AS USSR) 


SUBMITTuD. April 2, 1958 
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AUTHOR: Fridkin, V.M. 

TITLE: Characteristic Curves of the Electrophotiographic 
Process and the Sensitivity of Electrophotographic 
Layers 


PERIODICAL; Zhurnal nauchnoy i prikladnoy fotografii i kinemato- 
erafii, 1959, Vol 4, Nr 3, pp 198-201 (USSR) 


ABSTRACT: This is a summary of the results of a number of pre- 
vious investigations of the author / references 
1-4 7, intended to clarify the role of photoelectrets 
in @lectrophotographic processes. ‘The author gives 
a number of curves which generalize the relations 
between certain magnitudes (optical density of the 
electrophotographic layer, density of charge, relaxa- 
tion time of charge, sensitivity of the electrophoto- 
graphic layer, exposure) of electrophotographic po- 
larization and depolarization processes. Polarization 
Card 1/5 is the basis of the process of transition from the 
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Characteristic Curves of the Electrophotographic Process and the 
Sensitivity of Electrophotographic Layers 


negative to the positive image. Depolarization of the 
photoelectret during exposure is characteristic of the 
second process (positive-positive ) of electrophoto- 
graphic latent image formation. For either of these 
processes, the guthor has established a ets 

~-s268 et 
(D=Ds(1-e I-f7 J; Dy=k’% M and DeD,e7 5° ), which 


expresses the relations between the optical density of 
the latent image and the charge of the layer. The 
latter depends on the times of exposure during pola- 
rization or depolarization. The sensitivity of the 
electrophotographic layer during polarization can be 
directly determined from the characteristic curve (2). 
As this curve has an exponential character, the rela- 
xation time of the cherge (identical with the relaxa- 
Card 2/5 tion time of optical density) can serve as a criterium 
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of sensitivity in the case the initial section of 
the curve (short exposures and low optical densi- 
ties) alone is considered. peor ts 


shows that the criterium of sensitivity depends on 
the properties of the layer (magnitudes 85 and # ) as 


well as on illumination E. The inverse form of the 
SE 
equation is @) — = eG Wis the sensitivity of 
Le 
the electrophotographic layer in sec. 1, E the illu- 
mination. This determination of electrophotographic 
sensitivity can be extended on the process, which 
is connected with the depolarization of the photoelec- 
tret. Ina former work ri reference Lf, the author 
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pointed to the close relationship between photoelectret 
depolarization and classical electrophotography, which 
is based on ion adsorption on the surface of the layer 
and following depolarization. Curve 5 (see above) 
fully corresponds to the experimental results of work 
devoted to the study of the characteristic curves of 
the processes of classical xerography and classical 
electrophotography / references 5 and 6/7. The sen- 
sitivity equation is the same as for the polarization 
process, if # < 1 (an explanation of this magnitude 
can be found in the article in connection with curve 
2). At the end of the article, the author has inser- 
ted a table with the ™” ~-values of some layers (S - 
0.01; ZnO - 0.1; Se - 10), which were already used in 
electrophotographic laboratory work. The author ex- 
presses his gratitude for the aid of the scientists 
Academician A.V.Shubnikov and I.S.Zheludev. There are 
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1 table and 6 references, 5 of which are Soviet and 
1 English. 


ASSOCIATION: Institut kristallografii Akademii nauk SSSR (Institute 
of Crystallography of the AS USSR) 


SUBMITTED: April 2, 1958. 
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. AUTHORS: Golovin, B. M., Kashukeyev, N. T., SOV/20~-128-1-15/58 
Fr ny Ve Me 
TITLE: The Role of the Field in the Formation of the Heterogeneous 


Charge of a Photoelectret 


PERIODICAL; tay Akademii nauk SSSR, 1959, Vol 128, Nr 1, pp 63 ~ 66 
USSR) 


ABSTRACT: The authors consider the role played by the field in the forma- 
tion of the photoelectret state in a single crystal by substi- 
tuting a term into the equations (1), (2), (3), of a previous 
paper by V. M. Fridkin (Ref 2). The term takes the current 
divergence into account. Thus, the following set of nonlinear 
equations is obtained which consider the variation with time 
of the electron density n within the range of conductivity, of 
the electron density N on the adhesion levels, and of the con- 
centration P of the holes in the basic range when the crystal 
is illuminated and the field is applied; 
dn/ét = d, + KN ~ onP - Bn(M —N) - 3 (nu, & - D,dn/ax)/ax 


ON/dt = - kN + Bn(M ~ N); OP/at = d, - anP @ 9(Pu,€ - D,dRx)/ox 
Card 1/4 Instead of the neutrality condition P » N +n a conservation 
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1 1 
condition of the zeal Pdx ~ f (N + n)dx is to be complied 
fo) ° 
with. It is to be integrated over the crystal length in the 
direction of the applied field. In the above equationsit hclds: 


a, ” 8,5 and k «= 8,E, where E denotes light intensity. E de- 


notes the electric field strength, Uy and Uy the mobility of 


the conductivity electron and the hole in the basic range, D, 


and Dy the diffusion coefficients of electrons and holes. Addi- 
a6 

tionally, the relations 6 = g, - ae a = 4m (PeNen) hold in 

this connection. The expression for the photoslectret charge 

¢ = (P-N-n)e may be obtained by the solution of the set of 

equations written down at the beginning. It depends on the time 

t and the coordinate x. The afore-mentioned set of equations 

is then transformed. Part I of this article deals with the va- 

lidity of the law of exchangeability of the two possible proc- 
Card 2/4 esses of photoelectret formation as defined by the two above 
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sets. This law means that the photoelectret charge depends 
everywhere only on the strength of exposure z = Et: 

One P-N-ne o/z,x) for 0g¢xd¢l. A necessary condition for 
the validity of this law is the validity of the condition 

n= n(2sx)E- The conclusions drawn in this article allow for 


an interpretation of certain results of experiments on the 
establishment of the photoelectret state in anthracene single 
crystals. In Part II, the authors apply the transformed pet of 
equations to the case in which the field é, of space charges 


may be neglected with respect to the outer field Eo: The authors 


thank G. Nadzhakov, Academician of the Bulgarian Academy of 
Sciences, Academician A. V. Shubnikov, and Professor V. P, 
Dzhelepov for their interest in the present article. There are 
5 Soviet references. 
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issledovaniy (Joint Institute of Nuclear Research) 
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AUTHOR: (Fridkin, VM g0v/20-129-4-16/68 
TITLE: The sae aetantnel. State and Luminescence! Afterglow in ZnS 


PERIODICAL: eo Akademii nauk SSSR, 1959, Vol 129, Nr 4s PP 1da-eA148 
USSR 


ABSTRACT: In an earlier paper the author suggested sol 
the excitation of an 4deal crystal phospho 
of a lacking electric field under the con 
steady approximation by E. I. Adirovich (Ref 2). In this paper 
it is assumed that the quantity N~P, which is proportional to 
the light sum, is at the same time also proportional to the 
photoeleotret charges The author carried out a parallel investi- 
gation of the photoelectret state and of the luminescence after- 
glow in polycrystalline gnS activated with Cu and Cl. For this 
purpose the light sum accumulated in the sample during its ex- 
citation by light in the case of a lacking field and the photo- 
electret charge occurring in the same sample under the same e¢xX~- 
citation conditions were measured simultaneously. The photo- 
electret charge was investigated by means of a tube electrometer 
according to the method developed by G- Wadzhakov and N. T. yo 
Card 1/3 Kashukoyev. The light sum was measured by means of a photo- 
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multiplier of the type FU-19. The order of measurements is given. 

The first diagram shows the results obtained by measuring the 
photoelectret charge from ZnS as & function of the radiant 
energy Et incident upon the sample during polarization. The 
second diagram shows the resulta obtained by measuring the light 
gum accumulated in 2n8 during excitation in the case of a lack- 
ing field as 4 function of the radiant energy Et incident upon 
the sample during excitation. Each of these curves show & satu- 
ration which ia due to different mechanisms. Whereas the produc- 
tion of the photoelectret state in ZnS is due to the validity of 
an interaction law, sharp deviations from this law are character- 
jatic of the dependence of the light sum on the excitation ener- 
gy, i.e. the light sum depends not only on Et. During accumula- 
tion of the light sum in ZnS the least “Jow" levels of "adhe- 
gion" play the main part, whereas the production of a stable 
“photoelectret gtate" in ZnS is characterized by localization 
of the electrons on the loweat levels of adhesion (which oor- 
respond to an activation energy U>kT). A formule for the de- 
pendence of the light sum 8 on the excitation time t is written 

Card 2/3 down. The parallel investigation of the photoelectret state and 
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of the luminescence afterglow show the specific part played by 
the three groups of "adhesion" levels. The first group of these 
levels (i.e. the lowest) cause the production of a stable photo- 
electret state in the dielectric. The second group causes the 
dark polarization of the dielectric, and the lowest group (whose 
levels are the least low) cause the luminescence afterglow. The 
author is then said to thank Academician A. VY. Shubnikov for 
his interest in the present paper, E. I. Adirovich, Doctor of 
Physical and Mathematical Sciences, for some valuable advice, 
and I. S. Zheludev for discussing the paper. There are 2 fig- 
ures and 6 Soviet references, 


Institut kristallografii Akademii nauk SSSR (Institute of 
Crystallography of the Academy of Sciences, USSR 

July 15, 1959, by A. V. Shubnikov, Academician 

July 9, 1959 
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PHASE I BOOK EXPLOITATION SOV /1485 
Fridkin, Vladimir Mikhaylovich and Ivan Stepanovich Zheludey 
ee One 


Fotoelektrety 1 elektrofotograficheskly protsess (Photoelectrets and the 
Electrophotographic Process) Moscow, Izd-vo AN SSSR, 1960. 205 p. 
Errata slip inserted. 5,000 copies printed. 


Sponsoring Agency: Akademiya nauk SSSR. Institut kristallografii. 


Resp. Ed.: G. 8. Nadzhakov, Academician, Bulgarian Academy of Sciences; 
Ei. of Publishing House: V. I. Rydniks Tech. Rd.: L. A. Lebedeva, 


PURPOSE: This book is intended for scientists working in the field of 
electrets. 


COVERAGE: The book is described as the first serious attempt at a systematic 
presentation of the results of investigations carried out from 1955 to 
1959 in the field of photoelectrets by the Ieboratoriya elektrichesktkh 
svoystv kristallov Instituta kristallografii AN SSSR (Laboratory of the 
Electrical Properties of Crystals of the Institute of Crystalloyrapiiy, 
Acedemy of Sciencer USSR) and the Fizicheskaya laboretoriya Nauchno-isele- 
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Postoelectrets and the Electrophotographic (Cont. ) sov/4485 


dovatel'skogo instituta poligraficheskogo mashinostroyentya (Physic: 
Laboratory of the Scientific Research Institute of Printing Machine sy? 
The authors also include work done by the Institute of Crystallerace , 
Acsdemy of Sciences USSR, the Physics Institute of the Bulgarts: 
Arademy of Sciences, and the Ob"yedinennyy institut yadernykh 
lssledovaniy (Joint Institute of Nuclear Research) on photoele strats 
ead the possibilities of their utilization. All this mtertal nas 

been published in the periodical literature. Ch. I surveys prociens o 
thermoelectret research. Ch. II deals mainly with photoelectrets. 

Ch. III ts devoted to the electrophotographic Process with emphecis on 
electrophotography on photoelectrets. In this chapter the autho. 
confine themselves to a brief description of the fundamentals o2 > 
electrophotographic process and try to demonstrate that this Phencnen + 
makes possible & convenient approach to investigations on the fossuote> 
of the hidden electrophotographic image. ‘The authors thank N. 7. Kev ste 
keyev, Senior Scientific Worker of the Physics Institute, Bular’ar 
Azademy of Sciences; B. M. Golovin and L. M. Belyayev, Candidates of 
Physics and Mathematics; E. I. Adirovich, Doctor of Physics and Mathe- 
matics; G. Nadzhakov, Academician, Bulgarian Academy of Sciences (Sofia), 
editor of the books A. V. Shubnikov, Academician; A. I. D3lom; 

L. Ya. Mogilevatayas and Le V. Duda. There are 136 references; 71 Sovist, 
46 English, 14 German, and 2 Bulgarian. 
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27998 
$/194/61/000/004/041/052 
94 a¢o0 (137, 113 8,160) D201/D302 


AUTHORS ; Zheludev, 1.S. and Fridkin, V.M. 
TITLE: Photoelectrets and electrophotography 


PERIODICAL: Referativnyy zhurnal. Avtomatika i radioelektronika, 
no. 4, 1961, 2, abstract 4 E9 (Fizika dielektrikov, 
M., AN SSSR, 1960, 139-149 Discussion, 164-169) 


TEXT : The formation of residual polarization under the action of 
iLlumination in a monocrystal corresponds to the formation in it 

of a photoelectretic state. The original symmetry of physical prop- 
erties of the crystal is destroyed with it. Owing to internal pol- 
arization there is no center of polarization in photoelectrets (a) 
(F), and they may then be referred to as piezoelectric materials. 
The piezoelectric polarization may be induced either by the past 

or present special polarizing force due to mechanical stress. A 
linear dependence exists between the piezoelectric and elasticity 


properties of F, the piezoelectric moduli being proportional to the 
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polarization of F, ‘The polarization of crystals, measurement of 
thus formed electric charge in F and the measurement of piezoelec- 
tric moduli, all above may be done using a special network. <A cube 
of anthracene crystal is placed between the electrodes, its illumin- 
ation being perpendicular to the direction of polarization. The 
value of the modulus of elasticity may be obtained in approximation tf 
from the charge density and piezoelectric moduli for F has been 
experimentally confirmed. Both the piezoelectric modulus and change 
of F decrease with time according to approximately the same law. 

F exhibit the pyro-electric effect, i.e. the change with temperature 
of the internal polarization. With increasing temperature the 
photopolarization of crystals sharply decreases, F may be used for 
electrophotography. The formation of a photoelectric picture on 

F is explained by the process of polarization and of depolarization 
with repeated jllumination, A diapositive is placed at the surface 
of a previously polarized F and the surface is illuminated again 
through the diapositive. The jlluminated regions are depolarized 
while the regions covered by the picture elements remain polarized, 
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thus forming a hidden picture. ‘To reproduce this hidden picture 
the tribo-electric effect is used. The respective components of 
the tribo-electric mixture are charged +ve and -ve and sprinkled 
over the surface of F, at which they are retained only at spots 
where the polarization has been retained. The F with a paper 

sheet on it is placed in the field of a corona discharge. The pos- 
itively charged particles are transferred to the paper and form a 
picture, The method corresponds to the positive-positive method. 

F with short circuited plates may be stored in darkness for a Li 
considerable time, although with time the intensity of the hidden 
picture decreases slightly. 25 references. f Abstracter's note: 
Complete translation 


Mir 
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AUTHORS: Golovin, B. M., Kashukeyev, N.T., Orlov, I. N., 
Fridkin, V. M. 
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TITLE: The Photoelectric state in zns"ana Two New Electrophoto- 
graphic Processes 


PERIODICAL: D+ PP. 1004 = 1010 


TEXT: The authors which had been acti- 


vated by Cu and Cl, ence JI 
300 v was applied to the 

and bound with polystyren 

(320-500 mp) 

experimental apparatus an 

Ref. 1. Measurement 

the photoelectret 


and of total polariza- 


by localization of 
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the electrons on low energy levels. Fig. 2 shows the dependence of 
polarization on the field voltage, and Fig. 3 the dependence of the 
charging of ZnS on the radiation energy. With a maximum radiation ener- 


ey of 400.107° w/on® an exposure of 2.1077 seo is sufficient to cause 

a noticeable photopolarization. As may be seen from Fig. 4, the depen- 
dence of photopolarization on the time of exposure does not follow an 
exponential law. Further experiments were carried out with Zn3, which 
was first exposed and then charged (Fig. 6). Also-in this case, the law 
of interchangeability is maintained, but, as shown in Fig. 7, there is 
no exponential dependence. The authors produced electrophotographic 
layers from ZnS + ZnO (description in Ref. 7), which were exposed to 
the light of a meroury lamp through a negative. After polarization in 
the capacitor, the image could be made visible by means of an electro- 
photographic developer (Ref. 7). Electroluminescence ig effected by 
depolarization in an alternating-current field, whereby the inage be~ 
comes visible on the ZnS + ZnO layer. A. I. Delova and L. Ya. Mogilev- 
skaya took part in the experiments, The authors thank Academician 

A. VY. Shubnikov, Academician G. Nadzhakov, and Professor Y.P. Dshelepov na 
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for their interest in this jnvestigation., There are 7 figures and 
7 references: 6 Soviet and 1 British. 


ASSOCIATION: Institut kristallografii AN SSSR, Moskva (Institute of 
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AUTHORS: Fridkin, V. M., Bogatyrev, A. N., Brakhman. H. V. 
Festi atic teh ae dA pod indi aa APE Ae eit Oh See Sa 
TITLE: A Parallel Investigation of the Depolarizatisn and Electro- 


luminescence of ZnS Phovselectretsy 
\ —— 
PERIODICAL: Fizika tverdogo tela, 1960, Vol. 2, No. 9, pp. 2185 - 2490 


TEXT: The authors give a brief report on the resuits obtained by earlier 
papers (Refs. 1,2) on the dark polarization and depolarizaticn of ZnS, 
and mention an experimental arrangement according So H. Kairan and 

B. Rosenberg (Ref. 3); in which two ZnS samples are fitted between three 
semitransparent electrodes; the photoelectra* state was brought about 

in the first sample, and an alternating field (f = 2 ke/se:} was applied 
to the second sample. These experiments were carried out in the authers? 
laboratory by S. K. Balabanov, collaborator of the Chair of Experimental 
Physics of Sofia University. The following parallel tests are dealt with ux 
in detail: 1) Direct-current voltage of 300 v was applied to a 2n9-Cu 
electro-luminophore. Exposure to ultraviolet rays lasting 10 ses followad, 
and after 30 sec the voltage was switched off, the ZnS sample remained 
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in the dark for 5 min with shors-sircuited electrodes; this was followed 


by depolarization sith ultraviotet, and the initial value 1 a af the 
depolarization current was measured. The same experimen %as carried out 
using alternating current, and doh g was mea3gured. The valus Alin d 


< « 4? r oltage frequencies. 
Ded dined was determined for various voltages and frequencies 


2) Experiments without preceding exposure gave the values iq for dark 


polarization in the case of direst surrent, 13 for alternating current, 
and Ai, ai, - di. A P10 (2G-10) generator was sed as current source. 


The riaindee power I was measured by means of a two- -gtage photomultiplier. 
The following relations are given: 1, = ion. ier (1); AY on/? oh 

= Gina 7 ta)/Gon a > fa) (2) ie al hat ine ibn a/tpn.a (3)5 
bi/ig = (i, - ig)/ig (4). Fig. 1 shows G4: 1G 33 61 nal phe: Ai p/ton 


and I as a function cf the alternating voltage at 2kc/se:, and Fig. 2 
shows Ai,/i,, Ai n/n and I 4s a funssion of frequency. Thes2 results 
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led to the conclusion that the decrease of dark polarization in the al- 
ternating-current field is not caused by electroluminescence as it be- 
gins already at low values of I. At /ton on the other hand, as a func- 


tion of frequency shows a marked maximum which is explained by an in- 
crease of I with increasing frequency. The results are interpreted in 
detail on the basis of the tunnel mechanism of electroluminescence sug- 
gested by F. F..Voltkenahtevn (Ref. 4) (Pig. 3). It is shown that no 
photo-excitation, out an electroexcitation occurs. The deep levels of 
the activator are excited directly by the field, and luminescence occurs 
by the recombination of. conduction electrons with holes on the activator 
level. A considerable part of the dark polarization is due to the locali- 
zation of electrons on deep levels.’ The authors thank I. N. Orlov for the 
ZnS samples placed at their disposal, and they express their gratitude 
to Academician A. V. Shubnikov, Academician G. Nadzhakov, and I. 3. 


Zheludev for their interest. There are 3 figures and 5 references: / 


4 Soviet and 1 US. Xx 
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AUTHORS: Golovin, B.M., Zheludev, I.S., Kashukeyev, N.T. 


Fridkin, V.M.. and Antonov, A. 


TITLE: Electrophotography of Proton Beams/4 


PERIODICAL; Zhurnal nauchnoy i prikladnoy fotografii i 
kinematografii, 1960, Vol.5, No.3, pp. 207-208 + 1 plate 


TEXT: A study is reported of the sensitivity of various 
electrophotographic layers to fast protons. The experiments were 
carried out on the synchrocyclotron of the Joint Institute for 
Nuclear Studies. The maximum intensity of the proton beam was 
about 109 protons/cm2/sec and the energy of the protons was 680 Mev. 
Various electrophotographic layers were investigated, including 

ZnO, ZnS, CdS and polycrystalline sulphur, all deposited on paper. 
The electrophotographic layers were prepared by the method described 
in a previous paper (Ref.1). The layers were negatively charged 

by a corona discharge in air. The charged layers were then placed 
in a special holder which was fixed to the collimator with its plane 
perpendicular to the beam, After the exposure had been carried 

out the image was developed using a liquid electrophotographic 
developer described by two of the present authors in Ref.2. Dry 
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developers (Ref.1) were used in the case of the sulphur layers. 
Fig.l shows four electrophotographic images of the proton beam 
obtained in the ZnO layer with the beam in various angular positions 
relative to the axis of the collimator. As can be seen, these 
photographs can be used in the adjustment of the position of the 
proton beam. The electrophotographs shown in Fig.1 have a non-~ 
uniform background which is due to an edge effect associated with 
the electrostatic nature of the latent electrophotographic image. 
These edge effects can be reduced with the aid of a suitable screen. 
Fig.2 shows the photographs obtained with and without the screen 

(a and b respectively). It was found that electrophotographic 
layers of ZnO and polycrystalline sulphur are the most sensitive 

to protons, With maximum intensity of the proton beam, the 
minimum exposure time at 680 Mev was found to be 5 to 10 sec. 

It was found that the ZnO film has a similar characteristic curve to 
an X-ray film. The electrophotographic layer has a higher contrast 
but the latitude is smaller than in the case of the X-ray film. 

It follows that small irregularities in the beam are better defined 
in the electrophotographic method. Acknowledgments are expressed 
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to_V,P,Dzhelepov, Academician G.S.Nadzhakov and Academician 
A.V.Shubnikov for their interest. There are & figures and 


Soviet references. 
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AUTHOR: Fridkin, V. M. 3/020/60/131/02/020/071 
a BO013/B011 
TITLE: Some Effects Observed in the Investigation of the Luminescence 


of ZnS Electrets UY 
PERIODICAL: Doklady Akademii nauk SSSR, 1960, Vol 131, Nr 2, pp 290-292 (USSR) 


ABSTRACT: In his investigation of electroluminescent ZnS electrets the author 
observed certain effects which are qualitatively described in the 
present paper. Experiments were made on 2n3 which was activated 
with copper. The electroluminophore was dispersed in an alcoholic 
solution of polyvinyl butyral in the weight ratio 10:1. The poly- 
cryptalline layers were prepared by applying an emulsion to semi- 
conducting glass or paper. The aim of the investigation under 
review was not the separation of the effects depending on the 
internal polarization of the electroluminophore layer (hetero- 
charge) and on the adsorption of ions from the discharge interval 
on the electret surface. Only the fact that the effects observed are 
basically dependent on the large homocharge of the ZnS electrets 
was of interest. The author observed intense luminescence of the 
ZnS electrets under the action of a constant electric field. This 

Card 1/3 luminescence was considerably stronger than that of uncharged ZnS y 
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layers under the action of an equally strong constant electric 
field. Intensity and duration of luminescence were the greatest 
when the direction of the field applied to the electret was opposed 
to the direction of the field during the ZnS polarization. A 
repeated application of the field to the layer allowed its charged 
regions to light up strongly, and the latent electrophotographic 
image thus became visible. The effect described here is clearly 
connected directly with a phenomenon which had been already observed 
by I. N. Orlov and I. Ya. Lyamichev. On the strength of the author's 
observation, the eléotret state in the samples of electrolumineacent 
zine sulfide under investigation intensifies the fluorescence of 
these samples. The effect described here is similar to that observed 
by G. Destriau (Ref 7). The author further observed another 
peculiar effect, which is similar to thermoluminescence. Heating 

of the electret allows it to become intensely luminescent (green 
luminescence), in which case luminescence weakens with increasing 
depolarization of the electret. All effects observed and enumerated 
by the author are brought about by a sufficiently strong internal 
field in the ZnS thermoelectret. In the author's opinion these 


effects can be explained by the scheme suggested by F. F. Vol 'kenshteyn 
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(Ref 3). Intensification of luminescence when heating the electret - 
a phenomenon analogous to thermoluminescence - permits the 
simultaneous investigation of the curves of thermoluminescence 

and depolarization for the corresponding crystal. The effects 
observed allow a visualization of the latent electrophotographic 
image without using the usual electrophotographio developers. The 
effects described here are now being investigated quantitatively 
in greater detail. The author thanks Academician A. V. Shubnikov 
and I. S. Zheludev for their interest, and I. N. Orlov for having 
supplied the samples of the electro” luminophore,wsed sed for the 
investigation. There are 1 figure and 7 references, 6 of which are 
Soviet. 


ASSOCIATION: Institut kristallografii Akademii nauk SSSR (Institute of Crystallo- 
graphy of the Academy of Sciences of the USSR 


PRESENTED: November 20, 1959, by Ae Ve Shubnikov, Academician 4 


SUBMITTED; November 18, 1959 
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AUTHORS: Zheludev, 1.5.3 Barulin, YuolN.3 and Fridkin, Vols j 
TITLE: On a new version of the process of electronic photography 


PERIODICAL: Zhurnal nauchnoy i prikladnoy fotografii i kinematografii, 
Vo 6, noo 4; 1961, 300-301 


TEXT: The authors propose a new method of electronic photography which is 
essentially different from the usual versions where the latent image is de- 
pendent upon the distribution of charges on the layer surface, The method 
excludes the use of any developers known in electronic photography. I+ is 


based on the application of a reverse electrical field and the photographic 7 
process is negative. Previous investigations (Ref. 1) revealed electro- . 
luminescence of permanently polarized ZnS layers under the action of a con- ‘A 


stant electric field, The duration and intensity of this phenomenon, which 
is particularly pronounced in 2nS-Cu polycrystalline layers when a constant 
electric field opposite in direction to that of the initial field is applied, 
depend on the charge density of the layer surface and on the layer prop- 
erties, It was established (Ref.1) that when such a polarized layer is ir- 
radiated in the near infrared region, an uncommon extinguishing effect is 
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observed, consisting in a diminution of luminescence on the application of 
the reverse electric field to the layer. On radiation the density of the 
surface charge remained practically unchanged, ioe. the indicated effect is 
not due to depolarization, Experiments were conducted in order to obtain and 
visualize the latent image on ZnS-Cu layers according to the above-mentioned 
method, Activated ZnS powder was dispersed in an alcohol solution of poly- 
vinylbutyral, ‘The layers, which were approximately 100/”thick and coated on 
paper, were subjected to a corona discharge and exposed through @ negative 
film, A standard incandescent bulb, whereTlum =2850°K, served as the light 
source, The use of light filters permitted the layer to be exposed in dif- 
ferent spectral regions, The latent image was visualized by applying a re- 
verse electric field to the exposed layer. In this way images could be ob- 
tained in the near infrared region for 1.1/. At present, the sensito- 
metric aspects of this process, the regolving power of the layer, and other 
characteristics are being investigated. ‘he authors also emphasize that the 
process studied by them is basically different from the photographic process 
described by Ho Kallmann and J, Rennert (Ref, 2: J,Opt.SoceAmerica, 1958, 48, 
812). IN. Orlov and AolM.Bonch-Bruyevich are thanked for their help. 
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LAbstracter's note: essentially full translation | o there are 2 references: 
i Soviet and 1 nen-Soviet~bloc reference, 


ASSOCIATICN. Institut kristailografii AN SSSR (Institute of crystallography 
AS USSR) 


SUBLITYET : sanuary 4, 1962 
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AUTHOR: Fridkin, VM. 
TITLE: On the light emission of charged polycrystalline ZnS 


layers under the action of d.c. electric fields 
PERIODICAL: Optika i spektroskopiya, 1961, Vol.11, No.1, pp.105-111 


TEXT: Luminescent effects are observed if a d.c, electric field 

is applied to a zinc sulphide layer ina direction opposed to a 
polarizing field. The intensity of the radiation can be reduced by 
irradiation with ultraviolet light, an effect which can be used for 
a photographic process, The major effect has been described 
previously by the author. In the experiments, ZnS activated with 
copper and chlorine were used, prepared by a method described in 
earlier work (Ref.2: I.N.Orlov. Izv.AN SSSR, ser.fiz., 21,731,1957). 
In the earlier experiments (Ref.,1: V.M.Fridkin. DAN SSSR, 131, 

2, 1960) the strong polarizing field uniformly charged the ZnS teyer 
and application of a field in the opposite direction produced strong 
luminescence which was not observed if the field was in the same 
direction as the polarizing field. If the field is less than the 
polarizing field then the luminescence can be observed repeatedly. 
In these experiments the ZnS layer was 3 mm and the polarizing 
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voltage 6 kV whilst the subsequently applied voltage was 300 V in 
the opposite direction. The luminescence could be observed again 
if a voltage of 1 kV was used, and so on, until application of a 
further polarizing field became necessary. This work was 

extended in the present article to clarify the mechanism and its 
relation to electroluminescence, It had been noted that the 
observed radiation was in the green whereas electroluminescence of 
the ZnS-Cu,Cl is in the blue, The construction of the condenser 
used is outlined briefly. The luminescent signal was detected by 

a photo-multiplier and the decay of the radiation displayed on an 
oscilloscope and photographed so that the integrated radiation could 
be determined, The charge on the surface of the ZnS layer was 
determined with .n electrostatic voltmeter as described in 
"Photoelectrets and Electrophotographic Processes" (by the author and 
I.S.Zhelyadev, Ref.3: Fotoelektrety i elekt:rofotograficheskiy 
protsess, Izd. AN SSSR, M., 1960). Thus, plots of integrated 
light S against charge density on the layer o- 10? ,Coul/cm2 for 
various values of the reverse field E, kV/cm were obtained, Fig.2 
(curve 1 ~ E = 25 kV/cm; curves 2 to 5 - E = 21, 17, 14 and 

7 kV/cm respectively). The decrease in the charge as a function of 
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the applied field and the duration of application was also 
investigated, It was found that the change of charge was almost 
independent of duration of voltage application in the range from 
kmsec to several seconds, The decay of charge does not 


therefore exceed 4msec, Since the light pulse lasts for tenths 
of seconds, it is suggested that the role of the field is to 
excite the corresponding electron or hole levels and the emission 
can occur without a field being present by a recombination process. 
Some results for other ZnS crystals are given. In particular, in 
all cases, the luminescence discussed is in a different band from 
that obtained in electroluminescence,. Thus for ZnS-Cu,Pb,Cl 
charged layer luminescence, fluorescence and phosphorescence 
occurs in the green whereas electroluminescence is in the blue. 
For ZnS-Cu,Mn,Cl, electroluminescence, phosphorescence and 
fluorescence are in the yellow but charged layer luminescence is in 
the red-orange band. ZnS, ZnSe-Cu,Cl do not exhibit the effect 
of phosphorescence whilst the other effects are in the orange, 

This is also true of ZnS, CdS, ZnSe-Cu,Cl but the electro~ 
luminescence and fluorescence are in the red. It is also noted 
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